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Abstract 

Background:  Cardiovascular disease is the leading cause of death worldwide, with significantly worse mortality-
related outcomes in ethnic minorities in developed countries. A systematic literature review and meta-analysis of 
observational studies was conducted to investigate cardiovascular disease-related mortality inequalities between 
South Asian and White Caucasian ethnic groups.

Methods:  Published studies on mortality between South Asians and Whites in developed countries were retrieved 
from MEDLINE, PubMed, Embase, Web of Science, and grey literature sources (inception—April 2021) and critically 
appraised using the Quality in Prognosis Studies tool. Bayesian random-effects meta-analyses were performed for 
both primary and secondary outcomes. Heterogeneity was determined using the I2 statistic.

Results:  Of the 9879 studies screened originally, 41 were deemed eligible. A further 3 studies were included via the 
later search. Of these, 15 reported cardiovascular disease-related mortality, 23 reported all-cause mortality, and 6 
reported both.

The meta-analysis results showed that South Asians had a significantly increased risk of cardiovascular disease mortal-
ity compared to Whites (risk ratio = 1.32; 95% credible interval = 1.14 to 1.54) and a decreased risk of all-cause mortal-
ity (risk ratio = 0.95; 95% credible interval = 0.83 to 1.12).

Discussion:  South Asians had statistically significantly higher odds of cardiovascular disease-related mortality com-
pared to Whites, but not for all-cause mortality. Risk of bias was a serious concern mainly due to a lack of confounders 
being reported.

Systematic review registration:  PROSPERO: CRD42021240865
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Introduction
Rationale
Cardiovascular diseases (CVD) are a group of disorders 
affecting the heart and blood vessels and are the leading 
cause of death globally, taking an estimated 17.9 million in 
2019 [1]. Over 75% of these deaths take place in low- and 
middle-income countries, but CVD still poses a significant 
risk in developed countries, amounting to one-quarter of 
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deaths in countries like the UK [2], the United States of 
America (USA) [3], Canada [4], and Australia [5].

The South Asian (SA) diaspora, consisting of people 
from countries such as India, Pakistan, and Bangladesh, 
make up a major migrant group in the western world. The 
2011 census found the South Asian population was the 
largest minority ethnic group in the United Kingdom (UK) 
[6]. Of the overall population, 2.5% were Indian, 2.0% were 
Pakistani, and 0.8% were Bangladeshi. In the USA, South 
Asians make up 1.9% of the American population [7]; in 
Canada, South Asians make up 5.6% of the Canadian popu-
lation [8]; and in Australia, South Asians make up approxi-
mately 4.0% of the population [9].

Current knowledge of CVD and its relationship with 
ethnicity is largely derived from studies of Caucasians of 
European ethnicity [10]. Ethnic minority groups are under-
represented in studies; however, one study found that there 
are no differences in the willingness of minorities to partic-
ipate in health research compared to non-Hispanic Whites 
in the USA [11].

In the UK, CVD is more common in people of South 
Asian, African, or Caribbean background [12], as people 
of these ethnicities are more likely to have other risk fac-
tors for CVD, such as hypertension or type 2 diabetes mel-
litus [13–15]. In most cases, the risk of first heart attack is 
thought to be related to modifiable risk factors, for exam-
ple smoking, high cholesterol, inactivity, and excess alcohol 
consumption [16].

A 2017 study [17] investigating the ethnic differences 
in the initial lifetime presentation of clinical CVD in over 
one million people from the CALIBER platform found 
that age of CVD onset was the lowest in South Asians 
and significantly lower in South Asian women compared 
to South Asian men. However, an older study [18] found 
CVD deaths rates were significantly lower in all Asian eth-
nic groups compared to the other groups from the REACH 
registry.

Objectives
This systematic literature review (SLR) was undertaken to 
systematically identify and review all original studies relat-
ing to the South Asian ethnic group and CVD-related mor-
tality, to critically examine the quality of studies, and to 
elucidate the relationship between South Asian and White 
ethnicities with respect to CVD-related and all-cause mor-
tality in four developed countries which have a sizeable 
South Asian migrant population.

Methods
This SLR was prepared according to the 2020 versions 
of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analysis Protocols (PRISMA-P) and PRISMA 
for abstracts checklist (Additional file 1a and b).

Eligibility criteria
Studies were included if they fulfilled the following pre-
defined population, indicator, comparator, and outcomes 
(PICO) criteria:

•	 Population: patients with any form of CVD. The loca-
tion was restricted to the UK and other western, 
more economically developed countries (MEDC) 
where the prevailing ethnicity is White and who have 
a significant number of South Asian migrants: North 
America and Australia.

•	 Indicator: the prevailing-White population of the 
aforementioned countries

•	 Comparator: South Asian population, either by indi-
vidual ethnicities (Indian, Pakistani, Bangladeshi) or 
as a combined group

•	 Outcome of CVD-related mortality or all-cause mor-
tality (included as a secondary outcome)

•	 Patients aged 18 years or older
•	 There were no restriction on study design, though 

mainly observational studies meet the PICO criteria
•	 Publications that are available in the English language

Information sources
Literature searches were conducted from inception to 
22nd April 2021 using the following electronic databases: 
Ovid MEDLINE, PubMed, Embase, Web of Science, and 
the Cochrane Library. In addition to this, the PROSPERO 
database was searched to find similar reviews, OpenGrey 
and EThOS was searched for grey literature, and Google 
Scholar was searched to find any potentially missed 
papers.

The search strategies were conducted once more prior 
to publication to find any new articles that were pub-
lished between April 2021 and April 2022.

Search strategy
The search terms used to identify relevant publications 
were based on the PICO criteria. Population-based terms 
included “United Kingdom” OR “Europe” OR “United 
States”. The comparator ethnicity was searched using 
terms such as “Ethnic groups” OR “South Asian” OR 
“India*” OR “Pakistan*”. CVD-related terms included 
“CVD” OR “cardio*” OR “heart*”. Outcome-based terms 
included “Death” OR “mortality” OR “risk factors”.

The full search strategy for Ovid MEDLINE is pre-
sented in Additional file 2.

Selection process
All publications found from the databases searched were 
exported from corresponding databases into EndNote 
X9, and duplicates were removed. Two authors, MP and 
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SA, independently screened the titles and abstracts of the 
remaining publications to assess their eligibility. The pub-
lications which passed this first round of screenings were 
then read in completion to further assess their eligibility 
against the prespecified eligibility criteria, as specified 
in the protocol [19]. Any disagreements, in any phase of 
screening, were resolved via consensus between the two 
authors.

No automation tools were used in any stage of the 
selection and screening process.

Data collection process
The relevant data from the publications that passed the 
full-text review part of the screening process were inde-
pendently abstracted by two reviewers, MP and SA. MP 
designed and created the data extraction form which was 
then pilot tested by both MP and SA prior to data extrac-
tion. Where data were unclear or missing, attempts were 
made to contact the author of the publication. Any disa-
greements were resolved via consensus between the two 
authors.

Data items
The primary outcome sought for extraction was cardio-
vascular disease-related mortality. All-cause mortality 
was extracted as a secondary outcome measure.

Other variables that were extracted were author’s 
name, publication year, country (or countries) of study, 
number of sites, study start and end date, funding, con-
flicts of interest, study design, inclusion and exclusion 
criteria, participant disposition, age, gender, ethnicity, 
type of CVD, other baseline characteristics reported, 
number of deaths, statistical methods used to assess 
mortality, and results of the statistical analyses.

Study risk‑of‑bias assessment
For each publication, the study quality and risk of bias 
were assessed, independently by MP and SA, using the 
Quality in Prognosis Studies (QUIPS) tool [20]. This tool 
assessed study participation, study attrition, prognos-
tic factor measurement, outcome measurement, study 
confounding, and statistical analysis and reporting. Each 
domain was rated as having either “low”, “moderate”, 
or “high” risk of bias. A study with “low” risk in all six 
domains was rated as having a low risk of bias. A study 
that has a “high” risk of bias for any domain was rated 
as having a high risk of bias. All other studies were rated 
as having a moderate risk of bias. Disagreements were 
resolved by consensus.

Effect measures
The results for the primary outcome, CVD-related mor-
tality, and the secondary outcome, all-cause mortality, 

between South Asians and the local-White ethnicity 
were presented as a hazard ratio, relative risk ratio, rate 
ratio, or odds ratio. Only three papers presented results 
as standardised mortality ratios. Due to the low num-
bers, these were not included in analyses.

Synthesis methods
The PICO criteria of individual studies were tabulated 
and compared against the prespecified PICO criteria in 
the SLR protocol to test study eligibility.

The baseline characteristics were extracted and tab-
ulated alongside the outcomes that were reported by 
individual studies. If key confounders or outcome vari-
ables were missing, authors were contacted to attempt 
to fill in the missing gaps in the tables.

A Bayesian random-effects meta-analysis was con-
ducted to synthesise the results of the individual stud-
ies, for both CVD-related and all-cause mortality 
separately using weakly informative priors for the true 
pooled effect size, μ, and the between-study heteroge-
neity, τ2. The model used 75,000 burn-in samples and 
then 75,000 iterations to draw the posterior samples. 
Trace and density plots were used to assess model con-
vergence. If the model converged, then the estimates 
and 95% credible intervals (CrI) were obtained. To test 
the assumptions of the meta-analysis, the prediction 
interval was calculated, which presented the expected 
range of true effects between the studies. Correspond-
ing forest plots were constructed for both outcomes.

To assess the robustness of the pooled results in the 
meta-analysis, the following sensitivity analyses were 
conducted:

•	 Studies with a “high” risk of bias according to the 
QUIPS tool were removed.

•	 By study design
•	 By effect measure
•	 After the primary analysis, the studies were 

assessed for influence or being outliers. Outlying 
studies or highly influential studies were removed 
from the meta-analysis.

To examine outlying studies, studentised residuals 
were calculated. Studies were deemed to be outliers if 
the absolute value of the studentised residual is > 3 [21]. 
To examine studies with high influence, Cook’s distance 
was calculated, and a study with a high Cook’s distance 
was deemed as highly influential [22].

In the systematic literature review protocol, there 
were two additional sensitivity analyses planned but, 
ultimately, were not undertaken. The reasons are as 
follows:
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•	 “Removal of non-peer-reviewed articles”: Where 
such articles were available, such as conference 
abstracts, the corresponding peer-reviewed paper 
was also available and was used in the selection pro-
cess due to having more data.

•	 “Method of imputation”: No studies used imputation 
methods for missing data.

Multiple testing
As the statistical analysis for this review was Bayesian in 
nature, there were no p-values presented. Typical meth-
ods employed to correct for multiple testing, such as the 
Bonferroni method [23], was not used as they are fre-
quentist methods. One approach to multiplicity in the 
Bayesian setting is accommodated through prior prob-
abilities associated with the multiplicities. Typically, 
the more possible hypotheses there are, the lower prior 
probabilities they each receive [24–28]. To control for 
multiplicity in this review, lower prior probabilities were 
assigned. Results remained the same after controlling for 
multiple testing.

Reporting bias assessment
Reporting bias was assessed using a funnel plot, where 
publication bias is present if the funnel plot is asymmet-
rical, and using Egger’s test. Publication bias is consid-
ered to exist if p < 0.05.

The meta-analyses were conducted using RStudio [29] 
using the R2WinBUGS package. All descriptive analyses 
were conducted using RStudio.

Certainty assessment
The certainty of evidence for both outcomes, CVD-
related and all-cause mortality, were assessed using the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) criteria. The domains assessed 
risk of bias, inconsistency of effect, indirectness, impre-
cision, and publication bias. These were summarised 
alongside the main results in a key findings table which 
details any domains of concern and explanations why.

Results
Study selection and characteristics
The search identified 9879 records through the litera-
ture search and 10 records via other methods. Among 
them, 41 studies fulfilled the predetermined inclusion 
and exclusion criteria [17, 30–69]. A further 3 publica-
tions were included via the search done prior to publica-
tion [70–72]. Of these, 15 studies reported CVD-related 
mortality only, 23 studies reported all-cause mortality 
only, and 6 studies reported both CVD-related and all-
cause mortality included as outcomes (Additional file 3). 

Studies were identified by the search strategy and appear 
to meet the inclusion criteria but were excluded from 
review and are presented in Supplementary Table 1. The 
main reasons for exclusion were composite outcomes 
which included mortality with a non-mortality outcome, 
such as event, or combining the South Asian popula-
tion with other Asian groups to analyse an overall Asian 
population.

The eligible articles were conducted in 4 countries 
(Australia, Canada, the UK, and the USA). Study designs 
were either retrospective (48%), prospective (32%), 
observational (9%), or cross-sectional (9%). One study 
[64] combined data from different sources which were 
either observational or cross-sectional in nature. Across 
all eligible studies, South Asians amounted to an aver-
age of 17% of the study size. One study reported person-
years; 1% of person-years were from South Asian people.

Key study characteristics of the eligible studies included 
in this SLR are presented in Table 1. Baseline characteris-
tics are shown in Table  2. Most of the studies reported 
gender, age, smoking status, participants with hyperten-
sion, and diabetes. However, the majority of studies did 
not report on BMI, alcohol consumption, or cholesterol 
levels.

Results of individual studies and risk‑of‑bias assessment
Details of individual study baseline characteristics and 
risk of bias (RoB) are presented in Table  2. A summary 
of endpoints and results are presented in Table  3. The 
majority of eligible studies were deemed as having a low 
risk of bias (59%). Five studies had a high risk of bias, 
mainly due to the lack of reporting confounding varia-
bles. For the studies that reported CVD-related mortality, 
38% were deemed a low risk of bias, and 43% were mod-
erately biased.

Results of syntheses
Compared to Whites, people of South Asian ethnicity 
had a statistically meaningful increased risk of CVD-
related mortality (RR = 1.32; 95% CrI = 1.14 to 1.54; I2 = 
53%) (Fig. 1: forest plot showing relative effect for CVD-
related mortality between South Asians and Whites (RE 
< 1.00 favours South Asians)). A nonmeaningful decrease 
in all-cause mortality risk was found for South Asian 
participant versus Whites (RR = 0.95; 95% CrI = 0.83 to 
1.12; I2 = 41%) (Fig. 2: forest plot showing relative effect 
for all-cause mortality between South Asians and Whites 
(RE < 1.00 favours South Asians)).

Subgroup analyses
In subgroup analysis stratifying based on study location, 
South Asians in North America had a lower risk of CVD-
related mortality compared to Whites, and this result 
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Table 1  Characteristics of eligible studies

Author, year Country Study time 
period

Design Study 
population

Sample size CVD, type Outcome

Total in study Number (%) 
South Asian

CVD related All cause

Adil, 2013 [30] USA 2000–2009 Cross-sec-
tional

Stroke-related 
deaths in the 
USA between 
2000 and 2009

152,736 1,220 Stroke/TIA Yes No

Albarak, 2012 
[31]

Canada 04/1995–
03/2002

Retrospective Patients with 
AMI between 
aged 20–55 
years

7,135 487 AMI No Yes

Bansal, 2013 
[32]

UK 05/2001–
04/2008

Retrospective All residents in 
Scotland dur-
ing the 2001 
census

39,317 103 MI Yes No

Bellary, 2010 
[33]

UK 2004–2007 Prospective Patients 
with type 
2 diabetes 
mellitus from 
25 general 
practices from 
Birmingham, 
UK

1,978 1,486 CHD Yes No

Blackledge, 
2003 [34]

UK 04/1998–
03/2001

Retrospective Patients hos-
pitalised with 
heart failure

5,393 336 HF No Yes

Chaturvedi, 
1996 [35]

UK 1985–1989 Retrospective Deaths in peo-
ple aged 45+ 
years where 
diabetes was 
mentioned 
on the death 
certificate

NR NR CVD, CHD, 
stroke/TIA

Yes Yes

Deb, 2016 [36] Canada 04/1996–
03/2007

Retrospective Adults who 
underwent 
isolated 
coronary 
artery bypass 
grafting

4,946 2,473 CHD No Yes

Elahi, 2005 [37] UK 10/1999–
10/2004

Retrospective Patients who 
underwent 
isolated first-
time CABG 
surgery on 
cardiopulmo-
nary bypass

7,876 650 CHD No Yes

Feder, 2002 
[38]

UK 04/1996–
04/1997

Prospective Patients 
undergoing 
coronary angi-
ography in the 
ACRE study

3,476 502 CHD No Yes

Fischbacher, 
2007 [39]

UK 04/2001–
12/2003

Retrospective Linked death 
data registry 
to 2001 
Census of 
Scotland

4,624,528 47,811 MI Yes No

Forouhi, 2006 
[40]

UK 1998–1990 Prospective Patients who 
were a part of 
the Southall 
and Brent 
population-
based studies

3,207 1,420 CHD Yes No
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Table 1  (continued)

Author, year Country Study time 
period

Design Study 
population

Sample size CVD, type Outcome

Total in study Number (%) 
South Asian

CVD related All cause

Gahungu, 
2020 [41]

Canada 2006–2013 Prospective Patients iden-
tified from the 
Institutional 
Cardiac CCTA 
Registry

144 72 CAD Yes Yes

Gasevic, 2013 
[42]

Canada 04/1999–
03/2003

Retrospective Patients who 
underwent 
percutane-
ous coronary 
intervention 
and coronary 
artery bypass 
grafting 
surgery after 
AMI

4729, 1687 371, 137 MI No Yes

George, 2017 
[17]

UK 01/1997–
03/2010

Prospective Patients reg-
istered from 
225 GPs across 
England sub-
mitting data 
to CPRD

1,068,318 38,292 Various Yes No

Gholap, 2015 
[43]

UK 10/2002–
09/2008

Retrospective Hospitalised 
patients with 
AMI from two 
coronary care 
units

4,111 730 AMI No Yes

Gray, 2007 [44] Australia 1998–2002 Cross-sec-
tional

Anonymous 
individual 
death records 
for 1998–2002

17,914,580 209,405 CD Yes No

Gunarathne, 
2008 [45]

UK 1997–2005 Retrospective Patients with 
a first-in-a-
lifetime stroke 
admitted to 
Sandwell and 
West Birming-
ham Hospitals 
Trust during 
1997–2005

2,405 420 Stroke/TIA Yes No

Gupta, 2002 
[46]

Canada 01/1994–04-
1999

Retrospective Patients who 
had acute MI 
at one of two 
Toronto-area 
hospitals

1,106 553 AMI Yes No

Hadjinikolaou, 
2009 [47]

UK 04/2002–
09/2007

Retrospective Patients 
undergoing 
isolated coro-
nary bypass 
surgery

2,897 274 CAD No Yes

Harding, 2008 
[48]

UK 1979–2003 Cross-sec-
tional

People aged 
30–69 years in 
England and 
Wales who 
died between 
79–83, 89–93, 
and 99-03–

25,044,381 571,339 CAD Yes No
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Table 1  (continued)

Author, year Country Study time 
period

Design Study 
population

Sample size CVD, type Outcome

Total in study Number (%) 
South Asian

CVD related All cause

Hsu, 1999 [49] UK 1996–1996 Prospective Patients in 
23 general 
practices with 
patients in 
Leicestershire, 
UK

199 69 Stroke/TIA Yes No

Jones, 2011 
[50]

UK 01/2003–
09/2008

Retrospective Patients who 
underwent 
PCI in East 
London, UK

9,771 1,805 CAD No Yes

Jones, 2014 
[51]

UK 01/2004–
07/2011

Retrospective Patients who 
underwent 
PCI

279,256 19,938 CAD No Yes

Kaila, 2014 [52] Canada 01/1999–
03/2012

Observational Canadians 
admitted with 
an ACS

7,292 1,823 ACS No Yes

Khan, 2010 
[53]

Canada 1994–2003 Retrospective Routinely col-
lected hospital 
administrative 
data from 
the provinces 
of British 
Columbia 
and Alberta, 
Canada

41,615 2,190 AMI No Yes

Khan, 2013 
[54]

Canada 07/2003–
03/2008

Retrospective Clinical data 
from the 
Registry of 
the Canadian 
Stroke Net-
work (RCSN)

1409a 43a AIH, stroke/TIA No Yes

7588b 210b

Krishnamur-
thy, 2019 [55]

UK 01/2009–
12/2011

Prospective Patients 
undergoing 
PPCI for STEMI 
as part of the 
West Yorkshire 
PPCI Outcome 
Study

2,867 297 MI No Yes

Lane, 2005 
[56]

UK 1979–1986 Observational Patients part 
of the Bir-
mingham Fac-
tory Screening 
Project

2,624 195 Various Yes Yes

Mackay, 2017 
[57]

Canada 04/2001–
10/2010

Prospective Prospectively 
collected 
data from 
the Cardiac 
Services British 
Columbia Car-
diac Registry

41,792 3,904 CAD No Yes

Muilwijk, 2019 
[58]

UK 04/2007–
12/2010

Prospective UK Biobank 
participants 
who have type 
2 diabetes 
mellitus

465,307 7,102 MI, stroke/TIA Yes Yes
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Table 1  (continued)

Author, year Country Study time 
period

Design Study 
population

Sample size CVD, type Outcome

Total in study Number (%) 
South Asian

CVD related All cause

Mukhtar, 1995 
[59]

UK 07/1986–
06/1987

Prospective Patients 
who were 
admitted with 
chest pain to 
coronary care 
units of five 
hospitals in 
Birmingham, 
who had a 
confirmed MI, 
and who were 
discharged 
alive from the 
hospital

204 102 MI Yes Yes

Nijjar, 2010 
[60]

Canada 04/1995–
03/2002

Retrospective Incident AMI 
patients in BC 
and Calgary, 
Canada, with 
diabetes 
or without 
diabetes

40,669 2,190 AMI No Yes

O’Neill, 2018 
[61]

UK 01/2006–
12/2016

Retrospective Patients with 
de novo dual 
chamber 
and cardiac 
resynchronisa-
tion therapy 
pacemakers 
implantations

144 72 AF No Yes

Patel, 2021 
[72]

UK 2006–2010 Prospective UK Biobank 
participants

449,349 8,124 CHD, stroke/
TIA

Yes No

Pursani, 2020 
[62]

USA 2006–2016 Retrospective Participant 
who under-
went a screen-
ing lipid panel 
and had no 
prior history of 
CHD

341,309 5,149 CHD Yes No

Quan, 2010 
[63]

Canada 1995–2004 Prospective Patients who 
underwent 
percutaneous 
coronary inter-
vention and 
CABG, part of 
APPROACH 
and BCCR​

81,848 3,031 CAD Yes No

Rafnsson, 2013 
[64]

UK 1990–2007 Observational, 
cross-sectional

Mortality and 
population 
data from six 
EU countries 
— Denmark, 
England/
Wales, 
France, the 
Netherlands, 
Scotland, and 
Sweden

368,707,201 3,167,341 CD, IHD, 
stroke/TIA

Yes No

Raghavan, 
2008 [65]

Canada 1995–2000 Retrospective Patients 
admitted with 
ACS

130 65 ACS No Yes
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was meaningfully different to the pooled CVD-related 
mortality result, as were studies deemed a high risk of 
bias where South Asians have more than double the 
risk of CVD-related mortality compared to Whites. The 
remaining subgroup analyses revealed a nonmeaningful 
difference between age group and type of CVD (Fig.  3: 
forest plot showing relative effect of subgroup analyses 
for CVD-related mortality between South Asians and 
Whites (RE < 1.00 favours South Asians)).

Testing for heterogeneity
The I2 value of the primary outcome, CVD-related mor-
tality, was 53%. For all-cause mortality, I2 = 41%. As I2 < 
60% for both outcomes, per the protocol, further analyses 
to explore heterogeneity were not undertaken.

Sensitivity analyses
Upon sensitivity analysis, there were no meaningful dif-
ferences between the results of CVD-related mortal-
ity of each sensitivity analysis subgroup and the overall 
result (Fig. 4: forest plot showing relative effect of sensi-
tivity analyses for CVD-related mortality between South 
Asians and Whites (RE < 1.00 favours South Asians)).

Publication bias
Egger’s test and visual inspection of funnel plots (Fig. 5: 
funnel plots for publication bias: (L) CVD-related mor-
tality; (R) all-cause mortality) did not suggest any small 
study effect for both CVD-related (p = 0.06) and all-
cause mortality (p = 0.59), at the 5% significance level.

Certainty of evidence
CVD-related mortality was given a moderate certainty of 
evidence grade; all-cause mortality was given a low grade. 
Certainty assessment and the reasons for downgrad-
ing the certainty of evidence for both outcomes are pre-
sented in the footnotes of Table 4.

Synthesis of other ethnicities
Results from ethnicities other than South Asians that 
were presented in the eligible studies in this review were 
synthesised, the results of which are presented in Sup-
plementary Fig. 1 (forest plot showing relative effect for 
CVD-related mortality between other ethnicities and 
Whites (RE < 1.00 favours the other ethnicities)). The 
ethnicities whose credible intervals did not overlap with 
the South Asian vs White result were East Asian and 

Table 1  (continued)

Author, year Country Study time 
period

Design Study 
population

Sample size CVD, type Outcome

Total in study Number (%) 
South Asian

CVD related All cause

Sheth 1999 
[66]

Canada 1979–1993 Cross-sec-
tional

Canadian 
Mortality 
Database

NA NA CHD, stroke/
TIA, various

Yes Yes

Sun, 2019 [67] Canada 04/2010–
03/2016

Retrospective Patients 
hospitalised 
for AHR

82,125 1,662 AHF No Yes

Toor, 2011 [68] UK 04/2002–
12/2004

Observational PCI pro-
cedures 
undertaken in 
Birmingham, 
UK

1,158 239 CAD No Yes

Vyas, 2021 [70] UK 1988–1991 Prospective Data from the 
SABRE cohort

801 396 Various No Yes

Vyas, 2021 [71] Canada 2002–2008 Prospective Patients with 
ischemic 
stroke in the 
Ontario Stroke 
Registry

31,923 NR Stroke/TIA No Yes

Wilkinson, 
1996 [69]

UK 12/1998–
12/1992

Observational Patients 
admitted to 
the coronary 
care unit with 
AMI

462 149 AMI No Yes

Abbreviations: ACS acute coronary syndrome, AF atrial fibrillation, AHF acute heart failure, AIH acute ischaemic haemorrhage, AMI acute myocardial infarction, CABG 
coronary artery bypass graft, CAD coronary arterial disease, CD circulatory disease, CHD coronary heart disease, HF heart failure, IHD ischaemic heart disease, MI 
myocardial infarction, NR not reported, PCI percutaneous coronary intervention, TIA transient ischaemic attack, UK United Kingdom, USA United States of America
a Acute ischaemic haemorrhage patients
b Stroke patients
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Table 3  Results from included studies

Author Endpoints CVD related 
or all cause

Effect measure Estimate (95% CrI) Subpopulation 
analysed?

Adjusted result?

Adil, 2013 [30] Stroke-related mortality CVD RR 0.92 (0.80, 1.00) Overall Adjusted

Albarak, 2013 [31] 30-day mortality All cause HR 0.81 (0.53, 1.26) Overall Adjusted

Bansal, 2013 MI-related mortality CVD HR 0.95(0.66, 1.37) Indian male Adjusted

0.62 (0.33, 1.15) Indian female

0.87 (0.66, 1.16) Pakistan male

0.44 (0.25, 0.80) Pakistan female

0.77 (0.40, 1.47) Other South Asian male

1.22 (0.69, 2.14) Other South Asian 
female

Bellary, 2010 [33] CVD-related mortality CVD OR 1.40 (0.90, 2.20) Overall Unadjusted

Blackledge, 2003 [34] All-cause mortality All cause HR 0.82 (0.68, 0.99) Overall Adjusted

Heart-failure-related 
mortality

CVD 0.94 (0.8, 1.09) Overall

Chaturvedi, 1996 [35] All-cause mortality All cause RR 3.9 (3.4, 4.4) 45–64 years, male Unadjusted

3.8 (3.2, 4.6) 45–64 years, female

2.2 (2.0, 2.5) 65+ years, male

2.2 (1.9, 2.4) 65+ years, female

CVD-related mortality CVD RR 4.1 (3.4, 4.8) 45–64 years, male

3.9 (3.0, 5.0) 45–64 years, female

2.5 (2.1, 2.9) 65+ years, male

2.2 (1.8, 2.6) 65+ years, female

CHD-related mortality CVD RR 4.2 (3.5, 5.0) 45–64 years, male

4.0 (2.9, 5.4) 45–64 years, female

3.0 (2.5, 3.6) 65+ years, male

2.6 (2.1, 3.2) 65+ years, female

Stroke-related mortality CVD RR 4.1 (2.7, 6.2) 45–64 years, male

2.6 (1.4, 5.2) 45–64 years, female

1.8 (1.3, 2.6) 65+ years, male

1.8 (1.3, 2.5) 65+ years, female

Deb, 2016 [36] All-cause mortality All cause HR 0.81 (0.72, 0.91) Overall Adjusted

Elahi, 2005 [37] 30-day mortality All cause OR 1.10 (0.91, 1.34) Overall Adjusted

Feder, 2002 [38] Mortality All cause HR 0.96 (0.71, 1.29) Overall Adjusted

Fischbacher, 2007 [39] CVD-related mortality CVD HR 0.59 (0.43, 0.81) Overall Adjusted

Forouhi, 2006 [40] CHD-related mortality CVD HR 2.20 (1.54, 3.14) Overall Adjusted

Gahungu, 2020 [41] AMI all-cause mortality All cause OR 0.24 (0.01, 5.52) Overall Unadjusted

Angina, MI, cardiac-
death

CVD 0.32 (0.03, 3.19) Overall

Angina, MI, all-cause 
death

All cause 0.19 (0.02, 1.66) Overall

Revascularisation, AMI, 
all-cause death

CVD 0.69 (0.21, 2.29) Overall

Gasevic, 2013 [42] One-year mortality All cause OR 0.77 (0.43, 1.40) Overall Adjusted

One-year mortality All cause 1.12 (0.50, 2.25) Overall

George, 2017 [17] Unheralded coronary 
death

CVD HR 1.09 (0.81, 1.46) Overall Adjusted

Gholap, 2015 [43] All-cause mortality All cause HR 0.80 (0.46, 1.40) Overall Adjusted

Gray, 2007 [44] CVD and diabetes-
related mortality

CVD RiR 0.61 (0.52, 0.72) Overall Adjusted

Gunarathne, 2008 [45] 30-day stroke related 
mortality

CVD OR 2.47 (1.10, 5.54) Overall Adjusted

Gupta, 2002 [46] In-hospital death CVD OR 1.26 (0.83, 1.91) Overall Unadjusted
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Table 3  (continued)

Author Endpoints CVD related 
or all cause

Effect measure Estimate (95% CrI) Subpopulation 
analysed?

Adjusted result?

Hadjinikolaou, 2009 [47] 30-day mortality All cause HR 0.75 (0.42, 1.32) Overall Adjusted

Harding, 2008 [48] CHD-related mortality CVD RiR 1.46 (1.38, 1.53) Indian male Unadjusted

1.92 (1.78, 2.07) Indian female

1.96 (1.83, 2.09) Pakistan Male

2.55 (2.28, 2.84) Pakistan female

2.13 (1.93, 2.36) Bangladesh male

Stroke-related mortality CVD 1.34 (1.20, 1.49) Indian male

1.28 (1.12, 1.44) Indian female

1.61 (1.39, 1.88) Pakistan Male

1.70 (1.42, 2.04) Pakistan female

3.17 (2.63, 3.81) Bangladesh male

Hsu, 1999 [49] Stroke-related mortality CVD OR 0.37 (0.14, 0.97) Overall Adjusted

Jones, 2011 [50] All-cause mortality All cause HR 0.96 (0.75, 1.23) Overall Adjusted

Jones, 2014 [51] All-cause mortality All cause HR 0.99 (0.94, 1.05) Overall Adjusted

Kaila, 2014 [52] 1-year mortality All cause HR 0.82 (0.71, 0.95) Overall Adjusted

Khan, 2010 [53] Long-term all-cause 
mortality

All cause OR 0.65 (0.57, 0.72) Overall Adjusted

Khan, 2013 [54] Long-term all-cause 
mortalitya

All cause HR 1.07 (0.58, 1.96) Overall Adjusted

Long-term all-cause 
mortalityb

1.02 (0.74, 1.40)

Krishnamurthy, 2019 
[55]

All-cause mortality All cause HR 0.97 (0.64, 1.47) Overall Unadjusted

Lane, 2005 [56] All-cause mortality All cause HR 0.67 (0.44, 1.01) Overall Adjusted

CV-related mortality CVD 1.13 (0.69, 1.86) Overall

Mackay, 2017 [57] Long-term all-cause 
mortality

All cause HR 0.96 (0.79, 1.16) Overall Adjusted

Muilwijk, 2019 [58] CVD-related mortality CVD HR 1.42 (1.07, 1.89) Overall Adjusted

All-cause mortality All cause HR 0.89 (0.75, 1.09) Overall

Mukhtar, 1995 [59] Cardiac-related mortal-
ity

CVD OR 1.35 (0.29, 6.18) Overall Unadjusted

All-cause mortality All cause OR 1.23 (0.50, 2.98) Overall

Nijjar, 2010 [60] Long-term all-cause 
mortality (diabetic)

All cause HR 0.62 (0.51, 0.74) Long term, diabetes Adjusted

Long-term all-cause 
mortality (non-diabetic)

0.65 (0.56, 0.76) Long term, no diabetes

O’Neill, 2018 [61] All-cause mortality All cause OR 3.22 (1.54, 6.70) Overall Unadjusted

Patel, 2021 [72] Fatal myocardial infarc-
tion

CVD HR 2.29 (1.59, 3.30) Overall Adjusted

Fatal ischaemic stroke 1.37 (0.75, 2.51)

Pursnani, 2020 [62] CVD-related death CVD OR 0.60 (0.41, 0.88) Overall Unadjusted

Quan, 2010 [63] CAD-related mortality CVD HR 0.76 (0.61, 0.95) Overall Adjusted

Rafnsson, 2013 [64] Circulatory disease-
related mortality

CVD RR 1.44 (1.41, 1.47) Reference = England/
Wales

Adjusted

Ischaemic heart 
disease-related deaths

1.63 (1.59, 1.67) Reference = England/
Wales

Cerebrovascular 
disease-related deaths

1.53 (1.46, 1.61) Reference = England/
Wales

Raghavan, 2008 [65] All-cause mortality All cause OR 0.98 (0.95, 1.02) Overall Adjusted
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other, where the risk of East Asian participants dying due 
to a CVD-related issue was almost half that for Whites.

Discussion
General interpretation
This systematic literature review summarised the availa-
ble scientific evidence pertaining to CVD-related mortal-
ity between South Asians and Whites in four developed 
countries. To the best of the authors’ knowledge, it is the 
first to do so. Overall, a total of 41 studies were reviewed. 
South Asian participants had an increased odds of CVD-
related mortality compared to Whites, but not in all-
cause mortality.

Most studies suggest higher mortality in SA com-
pared to Whites which are reflected in the overall results. 
Subgroup analyses found that CVD type did not have a 
meaningful effect on CVD-related mortality between 
SA and Whites but that may be due to the small num-
ber of studies that reported the exact type of CVD being 
measured.

One review conduced in Canada [73] found similar 
results to the present review, where South Asian Cana-
dians had higher rates of hypertension and other deter-
minants of CVD, resulting in higher rates of CVD and 

worse outcomes. This is backed up by results in other 
studies which looked at CVD burden in South Asians 
[74–78] and found South Asians at higher risk of CVD 
determinants, often leading to poorer outcomes.

Methodological differences in capturing mortality rates 
existed which made it more difficult to compare esti-
mates, for example standardised mortality rates that are 
calculated based on the number of deaths in a population 
per person-year. Methods like hazard ratios (HR) or rate 
ratios (RR), whose calculations are based on a deaths in 
a sample and can be controlled for variables, which are 
then easier to synthesise in a meta-analysis.

Strengths
This is the first SLR that quantifies how South Asians, 
a major migrant group, differ to the White population 
with respect to CVD-related and all-cause mortality in 
four major countries, comprehensively reviewing data 
from a relatively geographically diverse range of stud-
ies, across three continents, and the large overall sample 
size increased the robustness and reliability of the results 
presented.

Each step of the SLR is described in detail, reducing 
the possibility of bias in the method of identifying and 

Table 3  (continued)

Author Endpoints CVD related 
or all cause

Effect measure Estimate (95% CrI) Subpopulation 
analysed?

Adjusted result?

Sheth, 1999 [66] All-cause mortality All cause RR 0.69 (0.67, 0.72) Male Unadjusted

0.87 (0.84, 0.91) Female

CVD-related death CVD 0.93 (0.89, 0.97) Male

1.21 (1.14, 1.28) Female

Ischaemic heart 
disease-related deaths

1.00 (0.95, 1.05) Male

1.31 (1.22, 1.42) Female

Cerebrovascular 
disease-related deaths

0.95 (0.83, 1.08) Male

1.12 (0.97, 1.29) Female

Congestive heart 
failure-related deaths

0.46 (0.29, 0.73) Male

1.08 (0.72, 1.61) Female

Other CVD-related 
deaths

0.66 (0.58, 0.75) Male

0.99 (0.85, 1.15) Female

Sun, 2019 [67] All-cause mortality All cause HR 0.81 (0.73, 0.89) Overall Adjusted

Toor, 2011 [68] All-cause mortality All cause OR 0.84 (0.55, 1.28) Overall Adjusted

Vyas, 2021 [70] All-cause mortality All cause HR 0.95 (0.72, 1.26) Overall Adjusted

Vyas, 2021 [71] All-cause mortality All cause HR 1.30 (1.05, 1.61) Overall Adjusted

Wilkinson, 1996 [69] All-cause mortality All cause HR 1.44 (0.79, 2.61) Overall Adjusted

Abbreviations: CrI credible interval, CVD cardiovascular disease, HR hazard ratio, OR odds ratio, RiR risk ratio, RR rate ratio
a Acute ischaemia haemorrhage deaths
b Stroke deaths
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Fig. 1  Forest plot showing relative effect for CVD-related mortality between South Asians and Whites (RE < 1.00 favours South Asians)
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Fig. 2  Forest plot showing relative effect for all-cause mortality between South Asians and Whites (RE < 1.00 favours South Asians)
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selecting studies for review. This includes the inclusion of 
the search strategy used and specifying inclusion criteria 
a priori.

A comprehensive set of analyses were performed to 
test assumptions, including the use of a random-effects 
model, subgroup analyses, testing for publication bias, 
and adjusting for multiple testing in the Bayesian setting.

Limitations
A limitation of the evidence was that all-cause mortal-
ity was more often reported compared to CVD-related 
mortality.

We found that many studies did not report either some 
or all of the baseline characteristics based on key con-
founding variables. This introduces a high level of bias 

Fig. 3  Forest plot showing relative effect of subgroup analyses for CVD-related mortality between South Asians and Whites (RE < 1.00 favours 
South Asians)

Fig. 4  Forest plot showing relative effect of sensitivity analyses for CVD-related mortality between South Asians and Whites (RE < 1.00 favours 
South Asians)
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since there may exist extraneous factors, other than eth-
nicity, which influenced the results, and these were not 
accounted or adjusted for in these studies.

The majority of articles reported estimates on the 
South Asian ethnic group as a whole, but did not analyse 
the individual South Asian countries, such as analysing 
only Indian or only Pakistani participants. Oftentimes, 
this was due to the small number of participants in indi-
vidual groups. However, more detailed analysis could be 
used to ascertain how different countries of origin within 
South Asia compare to each other and where health 
resources should be directed, if required.

Although we presented results for other ethnicities, 
our search strategy focused on the South Asian and 
White comparison. Therefore, the exploratory analysis 
of CVD-related mortality for the other ethnicities is not 
robust and should not be used for interpretation. For 
example, several publications fit the PICO criteria for this 
review except that they focused on the African-American 
population instead of South Asians These studies were 
removed during the screening process but would be 

needed to properly access the impact of different ethnici-
ties on CVD-related mortality.

Where publications did not provide adequate data, usu-
ally in terms of baseline characteristics of participants, 
we attempted to contact authors. However, contacting 
authors of some of the older papers was unsuccessful; 
thus, confounding bias is present in the results.

Implications and future research
The foremost implication of this review is that it provides 
an estimate on mortality between a major ethnic group 
versus the local ethnicity; South Asians have a higher 
risk of CVD-related mortality compared to their White 
counterparts. However, the heterogeneity of observa-
tional studies in this area makes it difficult to draw pre-
cise conclusions.

There is a need to collect more evidence regarding cur-
rent mortality rates and long-term outcomes beyond the 
most common 1-year mortality outcome, more consist-
ent statistical analyses, and clearer information on con-
founders.  Furthermore, investigating how confounders 

Fig. 5  Funnel plots for publication bias: (L) CVD-related mortality; (R) all-cause mortality

Table 4  Certainty of the evidence using GRADE and summary of results for CVD-related mortality and all-cause mortality

Abbreviations: CrI credible Interval, GRADE the Grading of Recommendations Assessment, Development and Evaluation
a Certainty of evidence was downgraded by one level by risk of bias: majority of studies were deemed as having either a moderate or high risk of bias
b Certainty of evidence was downgraded by one level by imprecision: some studies presented large confidence intervals

Quality assessment Summary of findings

Outcome 
(number of 
data points)

Risk of bias Inconsistencies Indirectness Imprecision Publication 
bias

Overall quality 
of evidence

Relative effect 
(95% CrI)

Between-study 
heterogeneity

CVD-related mortality (number of data points = 57)
  Pooled result Seriousa Not serious Not serious Not serious None ⊕⊕⊕◯  

moderate
1.32 (1.14, 1.54) 53%

All-cause mortality (number of data points = 36)
  Pooled result Seriousa Not serious Not serious Seriousb None ⊕⊕◯◯ low 0.95 (0.83, 1.12) 41%
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mediate the relationship between ethnicity and mortality, 
which then highlights the need for additional research in 
this area, both by presenting all relevant confounders at 
baseline, reduces bias, and adjusting for them in analyses, 
results in more robust conclusions.

Conclusions
In conclusion, this SLR presents the available evidence 
concerning mortality rates for South Asians vs Whites 
in four developed countries and demonstrated that peo-
ple of South Asian ethnicity living in western, developed 
countries, were at a higher risk of CVD-related mortality, 
but not of all-cause mortality, compared to their White 
counterparts.
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